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B-Physics at Hadron Colliders

+ Large production rates 60 MD = mmmmmmmmm e -

Total Inelastic Cross—Section
o(pp - bX,ly| <0.6) = 18ub

103 higher than at Y(4S)
+ Heavy and excited B states
currently uniquely at Tevatron: Bp-»b+

0 0 CDF: PRD 71, 032001 (2005)
Bs,Bc,/\b,:b,B ’BS y wus

- 5000 x

18 ub
+ But QCD background is 103 2
higher than signal §
Triggers are critical i
+ Event signature polluted by many & .

fragmentation tracks; s
High precision vertex tracker Tji‘i
+ dedicated reconstruction :

algorithms needed

do,
dp-
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A lot of Topics...

A large variety of unique B-Physics can be made at the Tevatron

...iIn my talk:

® B(S) — h+h_
e Al'g

e AMgq
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B - h™h~

Ingredient for measurement of CP
asymmetry, analysis related to the

CKM angle y
Need to measure several modes to

cancel the hadronic uncertainties In
ratio

+ Exploit Two Track Trigger
sample at CDF

+ 4 major expected modes
overlap to form a single
structure
e By » K™
e B - KK~
e By - m'ITm

Bs - MK~

Events per 16 [MeV/c’]

o
o
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By— Km |
B.— KK ]
By— 7w S
— B, —> 7K 1
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it Mass [GeV /c?]

B - h*h”
Signal Monte Carlo
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B - h™h™: Separation of Modes

Approach: use mass + kinematic variable(s) + track PID in an
unbinned Maximum Likelihood fit — extract the fraction of each

component
Mass (rtit hypothesis) versus signed momentum imbalance a =
(1 - ) [1Q1; p: momentum, g: charge, index 1/2 refer to the lowest/highest momentum track
_ 55 GDF Run 2, Monte Carlo
Sae | ]
S 1 ] * Bs - K™
gs.ss o Wi M- * By - K~ T
F o e miiﬁi‘f::j M: I ol ] By — K-t
e L e By » K*mm
o T Bs — K*K™
] e By - TIT

-1 -0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6 0.8 1
X
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B - h™h™: Separation of Modes (II)

Kaon/Pion separation from
dE/dx In the drift chamber:
140 (pT =2 GeVic)

CDF Run Il preliminary

0.05 B
0.04 —
0.03 L
0.02 N

0.01 |

0

pY - m° - m*r used to calibrate
dE/dx

Improvement  expected by
Including time-of-flight as well:
1.40 - 1.60

separation of kaons/pions

c 2
o r
® 18
o] C
(%1.6:— . .
- * P SN
14
12l ¢
-
0.8
06
0.4
:\ ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L \T\?\ ‘ \,\?\\
2 2.5 3 35 4 45 5
P (GeV/c)

TOF separation

dE/dx separation

\/(TOF sep)2 + (dE/dx sep)2
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B -~ h"h™ Results

Fit Result

CDF Run 2 Preliminary, L=180 pb™" e

Bs sector (unique at the Tevatron):

' R(Bs KK ) = 0.46 £ 0.08 £ 0,07 (first observation!)

BR(Bs - Km) <0.08 OBR(By — Kmn) O(fs/fg) @90% C.L.
(a factor 100 improvement w.r.t. PDG!)

By sector

_ NBy-K'm)-NBy-K™ ) _ _
Acp(Bg - Kmn) = NGBy KT Ty NBy K 0.022 + 0.078 +
0.012

Acp =-0.133 + 0.03  0.009 (Babar), Acp = -0.088 + 0.03 + 0.013 (Belle)

Acp systematics at the level of Babar/Belle. With the current
sample on tape we expect to reach Y(4S) precision on the
statistical uncertainty as well!

T} =021 £ 005 + 003
Next to follow:

[P30 « Measure CP asymmetry in Bs system

* Observe BR(Bs -~ K )

%225 ]
0 4'é5'15'25'35';”:’-,\;50335'[065;7/&?8

Decay # events

By - K [B10

Bs - KK~

By - T 1140

Bs - MK~

By — mrtime dependent analysis
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Bs Mixing

* So far thVtE measured via Amgy, suffers from large theoretical uncertainties,
but Amy/Amg related to CKM elements with 5% uncertainty only
* Amg required for measuring time dependent CPV in Bg system (- V)

* New physics may affect Amg/Amgy

0.7 T T T I T T T I T T T I T T T I T T T I T T I T T T

=2sin2B Am, |y Am_& Am \@

0.6 s\)\sm\ d S d\ fitter
A

: \\ ' CKM 2005
8 \\\\ /—_\\\ 3 \
04 F ¢ ~~ =
= SR, &
03 8% / NN 7
€ : p

0.5

02 if | @) a }
E | \\ ‘
01 £ < [V V| ( T~
0 5—#\.\5 PRI | .
-04 -0.2 0 0.2 0.4 0.6 0.8 1

Bs, uniquely available at Tevatron, provides 2 independent handles on Amg

+ Measuring Bs oscillation frequency: Anix(t) Lcos(Amst)
+ Measuring decay width difference Al g, clean relation with Amg (in sm)

Am..,2m —1
+ 4P = 271~ 375) ()
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Al . Polarization Amplitudes

 In Bs system CP violation is small (0®g = 0)
e [] Bs,light = CP even
b |:| Bs’hea\/y — CP Odd

* Generally final states mixture of CP even and odd states,

but for Pseudoscalar - VV, we can disentangle them

» Has been already done for By — J/@K"™, (COFRunI L-260 pb”
 Apply same analysis now to Bs — J/(¢ B I st s

[ ]Babar 2001
[ ]Belle 2002

Imaginary Axis

e Decay amplitudes decompose into 3 linear f @ A,
e polarization states of : Al®@ I
o Aol + AP +IALP=1 *
* Ag, A =S+D wave I CP even
« A; =P wave 1 CP odd

| 1o contour
g S S Yy
Real Axis

» Together with lifetime measurement, angular analysis can separate
heavy and light mass eigenstates and determine Al's - Amg
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Mass and Lifetime Projections (Bs —» J/{@)

First have to reconstruct events, measure mass and lifetime:

“o 250 €
9 3
3 S .°L @ DO
= 200} e F
e % .F
e - o 10 =
3 3
© 100 = 10 &
S r O -
T C
© - 1 E
:I....I.. I P I T RN N 10'1_....I....I ) ....I....I....I.\f’ [N A TR RV ARA)
5.1 5.2 5.3 5.4 5.5 5.6, -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
Invariant Mass (GeV/c") Proper Decay Length (cm)

Relative average lifetime of By — J/Y@ with respect to topological
similar mode By — J/YK"

<Ts>/13 =0.910 £ 0.090 (DO)
<Ts>/14 =0.890 £ 0.072 (CDF)
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Angular Distributions

Then fit for angular distribution in transversity" frame:

CDF Run Il

Bs - J/Yo@

L~260 pb™* CDFRun i

L~260 pb~*

£ Bs - J/po
- COSE

0.8

0.6

04l

0.2

X Prob: 76.6 %

0.35—
0.3
0.25(—

Bs - J/po

0.2

0.15F
0.1

005~

bl v

X° Prob: 2.8 %

o

P SR
-06 -04 -02

cosO
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0.4

0.2

Lo b b b P B P B n Bau
-1 -08 -06 -04 -02 O 02 04 06 08 1

Lo Lo o boa Ly
0 02 04 06 08 -3 -2 -1

CDFRun Il L~260 pb ™"
B, - JIY@ X2 Prob: 13.6 %

| e

cosW¥

CDF Projections

DSee definition of transversity angles in backup slides

r20.0 M_ch

Py

Candidates pe

=y

Events per 0.2

20~
oo B, - Jlvo
L ct/o(ct) > 5
.
60—
or-
20—
05
00
- Data
- B, »Jdiyvo —— Total Fit
- “P-aven
gol_ 5-26< M(B,) <5.42 GeV e
- cvo(et)>8 32 0000 e Total Signa
60 +
40—
m.—
T Fit prob: 61.6 % 7 Nemiy
0r|’|11|||||1 asad 2 asls o laaalssslassl i
-1 08 -06 04 02 0 02 04 06 08 1

Transversity

DO Projections
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Angular Amplitudes at CDF

Aj| = (0.473 £ 0034 + 0.006)e(2-:86+0.22£0.07)i

A | =(0.464 % 0.035 + 0.007)e(0-15%0.15£0.06)i Cross check:
Ag =0.750 £ 0.017 + 0.012 By - J/YK™®
B4 amplitude compare well with Babar/Belle
CDF Run I L~260 pb™  COFRun L~260 pb™*
£ 1 By - JPK® — CDFRun I 2 1 _ 8
i = [ ]Babar 2001 i =
§ - []Belle 2002 E - A” [ B
o | o |
E E
: @ AO : /\ AO
- Il A -
of L5 of il
i i A
- locontour - locontour
_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 0 1 -1 0 1
Real Axis Real Axis
A|| = (0510 £ 0.082 + 0.013)e(1-94+0-360.03)
Bs - J/Yop IA | | = 0.354 + 0.098 + 0.003

Ag =0.784 £ 0.039 £ 0.007
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Al s Results

D@ Preliminary

[ 1 - 1o (stat only) * DO "
L_ 0.8 —_"'L airfs\/t/f:oiﬁgim (1 o stat) 2.4} ( b)
< C T
0.6 SEFY)
0_4:_ S oL Fl arvz)Brg- S)peci fl:i)icr oot
" theor.loband f S “Measurement s
0.2~ / 1.8} L
J - 1.6 Combi ned\
0.2 e WA(f.s) + 10 1.4r
) S T A T S IS FAG
0.0368 0.0396 00424 00452  0.048
cT(cm) 1L
‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ L L L L L L L I.
1.15 1.2 1.25 1.3 135 1.4 1.45 1.5 155 1.6 06 08 1 12 14 16 18 2
T (ps) 1T, |
CDF/DO combined results Tiny systematics!
consistent with SM
Experiment | Alg/Ts <71 >(ps) 7. (ps) T4 (ps)
F0.05 ¥0.15 F0.16 F058
CDF 0.65_8_gg 1.40_8_%g 1'05_8'%3 2.07_8_318
+0. +0. +0. +0.
DO 0.217,,: 1.397518 1.237513 | 1.5225,3
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>
>

0.1 1B, mixing Amg=0.5ps™
> | By mixing  Am¢= 20 ps*
Why is this measurement so difficult?: © 0057 b
Bs Mesons Mix much faster than Bgq £ | /
Mesons! g 0 i
In order to measure: s ] “
<-0.05 S
A () = Nunmix (t) = Nmix (t) =
Nunmix (t) + Nmix (t) —0.1 0 25 5 75 10
We need to= D Ocos(Amst) proper decay time, tgpi]
+ Reconstruct Bs signal in: Sensitivity oc £D?, /535 4ms%41

+ hadronic modes
+ semileptonic modes

+ Proper decay length resolution: fully reconstructed modes provide better

Nwrong _ Nright_Nwrong

accuracy
+ Tag the production flavor (the -key- problem in a hadron collider!): tagging

power £D?

Efficiency: & = Nwr°”?\,+N”ght; Dilution;: »=1-2

Nwrong +Nright ~ Nwrong +Nright
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Reconstructed Bg Candidates (DO0)

DO exploits high statistics u trigger
semileptonic decays: worse proper time resolution, but high

statistics

et =%, yB = JHE) = BrO) (K (K from MC); 0, = () 0 (%) e

D@ Runll Preliminary, Luminosity = 250 pb'1

o

s - W K™ K+X(K o, K* 1T)
DO Runll Preliminary

)

B - wormX L 1 2o Py D D, - KK
* + %4000- .'/. ’\Q. 0 D D KK
I 9481253 D_ - Tt 2 1 ¢ gp’ ' -
3000 | 3365+239 D' pm" o . ot o ¢ [Jo-«°r
++¢ IS 14 “‘ [ o, - Kk
. ] = )
¢ wor <3000 D, - K%"
[ wor o ® 49334376 D, ~ KK’
L

2000 5 2000-

I 10004
1000 ;

1.7 18 19 2 21 2. 2

Ds - KKK - Kn)
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Reconstructed By Candidates (CDF)

Uses hadronic modes: By — DgrT
& semileptonic modes: Bs —» /DgX

CDFII Preliminary, 355 pb*,B,— DTt D, — @It

2

2

Entries per 5 MeV/c

Candidates per 10 MeV/

C
[ S S
o N N
S o o

(0]
o

N
o

D
o

N
o

o

—— Data
— Fit Function
B~ Dt
B,— DK
B - DX

combinatorial

background

X°/NDF = 132.7/125
prob: 30.18%

5.0
K'K'TtTg; mass [GeV/c]

55 6.0

CDF Run Il Preliminary 355 pb™
E B2 - I'VD; (D — 1) 1 " D,
C N(ID,) = 4355 + 94 A
- [
| | |
| |
L |
| |
C | |
[ [
S |1
S e
[ ety N
S Y SO T SR SO AN ST N ST S NS R!
1.85 1.90 1.95 2.00

mass(KKTi) (GeV/cz)

where Dy - ®mr, KK, 37T

CDFII Preliminary, 355 pb*,B,— D1t D, K'K  CDFII Preliminary, 355 pb™,B, - DT, D, — TUuT

Candidates per 10 MeV/c?

2

Entries per 5 MeV/c

100 |l

(o2}
o

1400
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[0)
o
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o
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o

—— Data

— Fit Function

— B~ D,mt
B, - DK

—B’- Dn

- AT

B -~ DX

combinatorial

background

X°/NDF = 157.1/95
prob: 0.01%

CDF Run Il Preliminary

55
K*K'TtTg; mass [GeV/c]

355 pb™

| LI LI L B LA DAL

BY - I'VD, (D; - KK")

N(ID,) = 1750 + 83

L T R T R L
.85 1.90 1.95 2.00

. I"'D;
—I'Ds A

mass(K1K) (GeV/cz)

Candidates per 10 MeV/c?

2

Entries per 5 MeV/c

—— Data
— Fit Function
50 —— B,— Dt
B, DK
40 | W -An
i B - DX
30 [ | rrrrr combinatorial
f background
20 F ¥XINDF = 91.7/77
i prob: 12.07%
10 |- o
0 L L , Hii
5.0 55 6.0 6.5
2
TCTTTUTE, mass [GeV/c']
CDF Run Il Preliminary 355 pb'1
800F
N I'D; P
7008 —rD /X
E /Tt o
600 f \ / ﬁ%
500£4" Vo 4\
400- T x\*—ﬁ
3005 [
200? BY - I'vD; ( D; — 3m)
100F n(p, = 1573+ 88
C_1 L L | L L | L L |
01.85 1.90 1.95 2.00

mass(rrm) (GeV/c?)
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ct Resolution Studies (CDF)

The proper decay length resolution is the limiting factor at high Amg
Studies on this topic play a very important role!

0.35 CDE Il Preliminary

- e signal
0'30? o background
0.25[ ‘

3 T
020 747 ’T’ BS_)DSTL Ds_,(pr[
0.15p | s
0.10 oiegt
0.05f e
0.00f—s-2— P o -
- :1 N T e R
0'8.%00 0.002 0.004 0.006 0.008 0.010

0., CM

Entries per 4 um

CDF Run Il Preliminary

355 pb ™

120 4, B . 'vD; (D - o)
100 u “ ------- signal region
i \\ {5.: -------------- sidebands
80} —— sideband subtracted
- + u Signal: o, 5, = 59 um
60 Background: 0. = 83 pm
40} ﬂ"‘s_:
20 j ++++:-"'i,
[r e L
oL I A . L wl .
0 0.01 0.0 0.03 0.04

B, decay time resolution (cm)
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B Flavor Tagging

Opposite Side Tagging:

« Jet-Charge-Tagging:
sign of the weighted average charge of
opposite B-Jet

e Soft-Lepton-Tagging:
identify soft lepton (e, u) from semileptonic
decay of opposite B: b - "X (BR = 20%),

Dilution due tob — ¢ — 17X and oscillation
« Kaon-Tagging: B
due to b-c-s it is more likely that a B

meson contains a K~ than a K™ in the final
state (particle ID is mandatory)

Same Side Tagging:

* By IS likely to be accompanied close by
a K*/mt* (particle ID is mandatory)
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Crucial Test of the Whole “Machinery”. B4 Mixing

+ For setting limit on Amg, knowledge of tagger performance is crucial —
measure tagging dilution in kinematically similar B%/B* samples
+ Amg and Amg fit is very complex, up to 500 parameters
+ combining several B flavor and several decay modes
+ combining several taggers
+ mass and lifetime templates for various backgrounds

Amgy measurement is very important to test the fitter

06 CDF Run Il Preliminary L=355pb™" > p* D"X Sample
. ..q_a) T T T T T - - T
° D
o ecton £ D@ Run Il Preliminary
044 - . e B° contribution s, R
B* contribution 2
. 02 ] 0.6 [ ]
g — 0al It
E o T
7 0.2
< _0.2_ _______________________ . [ R e
-0.4 ] . G
B - IDX ]
B I T———
-0.6 : . . .
0.05 0.1 0.15 0.2 04
proper time [cm] e 0 005 01 015 02 025
VPDL (cm)
CDF: Soft Muon Tagger DO: Soft Muon Tagger
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Amyg Measurement and Tagging Performance

Combined taggers (semileptonic channels) DO:
Amy = 0.558 + 0.048(stat) pst
Combined opposite side taggers (semileptonic channels) CDF:

Amg = 0.497 + 0.028(stat) + 0.015(sys) ps™; total eD? : 1.43 + 0.09 %
Combined opposite side taggers (hadronic channels) CDF:
Amg = 0.503 + 0.063(stat)+ 0.015(sys) ps™; total eD?:1.12+0.18 %
£D?(%) | CDF semileptonic channels" DO
SST(By) 1.04 £ 0.35 £ 0.06 1.00 £ 0.36
Soft u 0.56 £ 0.05 1.00 £ 0.38
Soft e 0.29 £ 0.03 -
Jet-Q 0.57 +0.06 [11 (measured combined with SST)

UosT measured exclusively
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Amplitude Scan Method

CDF Run Il Preliminary L =355pb™
< datat 1o A 95% CLIlimit 0.3 ps™
5] 1.645 g sensitivity ~ >2.0 ps™
data + 1.645 o (stat. only)
Am,+ 10
]
- introduce new parameter, amplitude A 31 +a++++++%++++
70 11A[Dgs(Amst) g— H++++ ﬁ}
- fit for A for each Amg hypothesis 0 MH
i
_1_| ‘ ‘ ‘ :
0 0.5 1 15 2
Am, [ps ]

* For infinite statistics, perfect taggers, optimal reconstruction,
A should be zero for all Amg values but the correct one.
* Limit: a given value Amg is excluded @ 95% C.L., if
A(Amg) +1.645 [o[A(Amg)] <1
* Sensitivity: smallest Amg value for which 1.645 LoO[A(Amg)] =1
* Amplitude scan method allows easy combination among different

measurements/experiments.
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First Bg Mixing Limits in Run |l

CDF Run Il Preliminary L =355pb*
Bs Amplitude| D@ Run Il Preliminary 4]+ dataz1c 4 95% CLimit 7.9ps’
3 25F 1.6450 O sensitivity 8.4 ps™
E: 2:_*datailo fta s 1645 ‘ i
s F + ata+ 1.6450 LT
g 1-55—%32:2; 1:232g(Stat')’x::;:i: ‘‘‘‘‘‘‘ ) 21  datat 1.645 o (stat. only) | | *
1; P " S Aiﬁw 0”" I 0|
0.52_ o SRR %— 0 +++$#++m+ ++++ ++ 0||I||J|.|||l b |||| 1 || o
§ Bt R Shai A AL
0.5 I I
E 2
_1;_
15 4 1
= ¢ 95% CL limit: 5.0ps ¢+ 5.2ps " (stat. only) -4 . . . .
'25_--0--sensitivity: 4.6ps'1 e 5.1ps'1 (stat. only) . S'errl1lllep'torlllcl+l-'|a('1l’(')nllc F:O'mplr']eq I
I H I T E—T 0 5 10 15 20
o %) am, [ps’]
DO:
Observed Limit at 95% C.L.: 5.0 ps™ CDF:
(Sensitivity: 4.6 ps™) Observed Limit at 95% C.L.: 7.9 ps™
(Sensitivity: 8.4 ps™)
World Average:

Observed Limit at 95% C.L.: 14.5 ps™ (Sensitivity: 18.5 ps™)
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Coming Improvements and Projections

Short term improvements (a few

months scale) Long term projections: Amg
DO: Measurement
Unbinned fitting procedure CDF Projections :: Combined Analyses
- Addition of other taggers g | 5C observation
- Use of other semileptonic decay —
0
modes =
- Use of hadronic decay modes (1) 520
CDF: ;‘E
- Use additional hadronic modes %10 —<treched
- Use semileptonic events from © — baseline
other triggers | — current
- . O - . ! - - - -1 - - T - T T T T
Improve_ vertex resoluyon z " e 3
- Use an improved version of the Jet Scale to current yield
Charge tagger

Use Same-Side Kaon tagger (!)

G. Gomez-Ceballos, HCP2005



SSKT: Work in Progress (CDF)

+ There is no straightforward way to measure the tagger dilution on data
unless we observe Mixing
+ On the other hand to set a limit we must know the dilution of the taggers

Therefore, we need to believe the SSKT MC prediction
Tune In progress!: we need to convince ourselves that MC is
reproducing the charge correlation for B Mesons

| CDF Run Il Preliminary | X2NDF = 20.84 / 25, Prob = 70.14 % | CDF Run Il Preliminary | X%NDF = 5.42 / 5, Prob = 36.64 %
L C > F
E - ‘ £0.45
C o E
5025 « Data S ouk » Data
o — — B .
139 C T -
5 —MC = —MC
e r 0.35F
S 021~ -
S C 0.3
> - -
8015 0.25F- B
L - - ‘
C 0.2
0.1 = :
= - T
N 0.15—
0.05\— 0.1
C 0.05F-
o— C
L | | P | | 07 L
0 1 2 3 4 5 6 0 1
p; (Track) [GeV/c] Num. Tracks

G. Gomez-Ceballos, HCP2005



Summary

Tevatron experiments are in unigue position to exploit Bg system

A lot of new results on Bg decays in the last year
First measurements of Al from DO and CDF available
Amy results are quite robust and consistent with world average

First Amg Mixing limits in Run Il from both DO and CDF since last
March, a huge room for improvements is still possible!

We are working very hard to give both experiments very
Important contributions to the Bs Mixing world average as soon
as possible!
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Back Up Slides
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CKM Matrix

What is the origin of flavor symmetry breaking?
— quark mixing, CKM matrix
guark mass eigenstates ..
. : : b — u transitions
# weak interaction eigenstates

d ’ Vid Vus Vb d \

s | = Ve Ves Ve S V4 Vi
b, th Vts th b

B, oscillation

/

Via Vio

Im
viovi=1 |
Vg Vep
CKM elements not predicted by SM B Iifeﬂnes(:d Cb/
B decays measure 5 CKM elements .
Re CPviolationin B4

Goal: Measure sides/angles of CKM triangle sides in all possible ways
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Transversity Angles

Bs - J/Yop

Work in J/y rest frame

J

i KK plane defines (x,y) plane
@ defines x axis
) K* defines +y direction

L-"
-
.-
.-
-
-

O, ® polar azimuthal angles of
¢ -
K~ W helicity angle of ¢
X

G. Gomez-Ceballos, HCP2005



Same Side Tagging

b h b 0
S
d } K" S _} KK
us QUO‘
Qus ud
b b
'k
‘i}er*
ds

.

Some of the possible species of particles produced in the fragmentation of a b

guark to a B meson.
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Amplitude
N
N (&)

=
ol

05

-1.5

Amg: World Average

L World average (prel.)
- + datat1c A 95% CL limit 14.5ps™ p
[ 1.645 ¢ & sensitivity ~ 185ps* ]
- I datatx 16450 7]
] data+1.6450 (stat only)
o
1:" fliie o0
®

— —‘/’ ® —
[ SN P °
g NN
A N . |
[ I ) 1
N I B
L [ ]
-I L1l I L1 1.1 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 .'
0 2.5 5 75 10 125 15 175 20 225 25

Am, (ps'l)
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